A new experiment has been set up at the Paul Scherrer Institut to search for muonium to antimuonium conversion. No event was found to fulfil the requested signature which consists of the coincident detection of both constituents of the antiatom in its decay. Assuming an effective (V-A)×(V-A) type interaction an improved upper limit is established for the conversion probability of P MM ≤ 8 · 10 −9 (90%C.L.), which is almost two orders of magnitude lower compared to previous results and provides a sensitive test for theoretical extensions of the standard model. PACS numbers: 13.10.+q; 13.35.+s; 14.60.-z; 36.10.Dr
The hydrogen-like muonium atom (M=µ + e − ) consists of two leptons from different generations. Due to the close confinement of the bound state it offers excellent opportunities to study precisely the fundamental electron-muon interaction as described in standard theory and to search sensitively for additional so far unknown interactions between these two particles. A spontaneous conversion of muonium into antimuonium (M = µ − e + ) would violate additive lepton family number conservation by two units. In the standard model, which is a very successful description of experimental particle physics, this process is not provided like other decays which are searched for, e.g. the muon decay modes µ + → e + ν µ ν e [1] , µ → eγ [2] , µ → eee [3] and µ → e conversion [4] . However, in the framework of many speculative theories, which try to extent the standard model in order to explain further some of the features like parity violation in weak interaction or the particle mass spectra,
lepton number violation appears to be natural and muonium to antimuonium conversion is an essential part in several of those models (Tab. 1) [5] [6] [7] [8] [9] [10] . The coupling constant G MM in an effective four fermion interaction [11] could be as large as the present experimental limit of G MM ≤ 0.16G F (90%C.L) established at LAMPF in Los Alamos, USA, [12] or the bound of G MM ≤ 0.14G F (90%C.L) [13] very recently proposed from an experiment at the Phasotron in Dubna, Russia, where G F is the Fermi coupling constant of the weak interaction. In particular in the framework of minimal left-right symmetric theory a lower bound has been predicted with the assumption of a muon neutrino mass m µν larger than 35 keV/c 2 .
At the Paul Scherrer Institut (PSI) in Villigen, Switzerland, a new experiment has been set up (Fig. 1) , which utilizes the powerful signature for a conversion developed in the recent LAMPF experiment [12] . It requires the coincident identification of both constituents of the antiatom, µ − and e + , in its decay. Since a possible conversion is suppressed in matter mainly due to the removal of degeneracy of between muonium and antimuonium [11, 14] , a sensitive experiment the needs the atoms to be in vacuum. This experiment utilizes the most efficient method known to date to provide muonium in vacuum: Positive muons from a continuous beam of momentum p=21 MeV/c and momentum bite ∆ p/p = 6 % at a typical beam rate of 8 * 10 5 /s are stopped in a silicon dioxide (SiO 2 ) powder target of thickness 8 mg/cm 2 .
About 60 % of the muons form muonium atoms [16] , some of which leave the target through its surface into the surrounding vacuum with thermal energies, corresponding to a velocity of 7.4(1) mm/µs [17] .
Electrons from the decay µ − → e − + ν e + ν µ of an antimuonium atom have an energy spectrum ranging up to 53 MeV. They can be observed in a magnetic spectrometer consisting of five cylindrical proportional chambers surrounded by a hodoscope of 64 plastic scintillator stripes. Three of the wire chambers are equipped with two planes of helical cathode stripes allowing to measure both, angular and axial, coordinates [3] . A solenoidal magnet provides an axial magnetic field of 0. (Fig. 3) . The apparent structure around t T OF − t expected =-50 ns corresponds to the allowed rare decay mode µ + → e + e + e − ν e ν µ in which one of the positrons is released with low kinetic energy, while the electron is detected in the magnetic spectrometer and partly to Bhabha scattering. Due to their significantly higher initial momenta positrons from these processes arrive at earlier times at the MCP and can be clearly distinguished from possible antimuonium decays. In addition, for those events no decay vertex can be reconstructed inside of the fiducial volume, because of the strong deflection of high energetic positrons in the bend of the transport system. The background due to these processes to the search for antimuonium has been estimated from Monte Carlo simulations to be below 10 −14 per incoming µ + .
Taking into account the detection efficiency for the annihilation photon in the CsI detector and corrections for the finite fiducial volume and finite observation time (0.74(2)), an upper limit can be set on the conversion probability in a 0.1 T magnetic field of
The conversion is suppressed in external magnetic fields due the removal of the degeneracy of the energy levels in muonium and antimuo-nium atoms and has been calculated recently for different types of interactions [20, 21] . For (V ± A) × (V ± A) interactions, the conversion probability at a magnetic field of 0.1T is suppressed to 35% of the zero field value, while for a (V-A)×(V+A) interaction it is reduced to only 77.6%. In case of a future observation of muonium-antimuonium conversion the coupling type could be determined by a measurement of the ratio of conversion probabilities at different magnetic field strenghts. For an effective (V ± A) × (V ± A) interaction, where the zero field probability P MM (0T) is related to the coupling constant G MM through
we have P MM (0T) ≤ 8 · 10 −9 (90% C.L.) and an upper limit of G MM ≤ 1.
. In GUT models where a muonium-antimuonium conversion could be mediated via the exchange of a dileptonic gauge boson X ±± a tight new mass limit of
can be extracted where g 3l depends on the particular symmetry and is of order unity. With the limit established in this experiment models with dilepton exchange [10] as well as models with heavy leptons and radiative generation of leptons masses appear less attractive [7] .
With improved detectors for 8 keV positrons which are now available with four times enhanced efficiency [19] and by utilizing the beam line πE5 at PSI with 10 times higher muon fluxes compared to the πE3 area used for this experiment we expect another significant improvement in the sensitivity on the conversion probability in the future which could provide a more stringent test for speculative extensions to the standard model, in particular left-right symmetric models predicting a lower bound on G MM .
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